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Description 

FLASH MEMORY CAPABLE OF UTILIZING 
ONE DRIVING VOLTAGE OUTPUT 
CIRCUIT TO DRIVE A PLURALITY OF 
WORD LINE DRIVERS 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a flash memory. In partic- 
ular, the present invention discloses a flash memory capa- 
ble of utilizing one driving voltage output circuit to drive a 
plurality of word drivers. 

[0003] 2. Description of the Prior Art 

[0004] Recently, demand for portable devices has been boosted 
incredibly. The technology and application fields associ- 
ated with the flash memory are accordingly developed. 
These portable devices include films of digital cameras, 
cellular phones, video game apparatus, personal digital 
assistants, answering machines, programmable ICs, and 



etc. The flash memory is a non-volatile memory, and the 
flash memory operates through adjusting a threshold 
voltage for effecting formation of a channel when storing 
data. Therefore, not only are the data stored, but also the 
data kept in the flash memory do not need to be flushed 
after the flash memory is disconnected from a power sup- 
ply. 

[0005] please refer to Fig.l, which is a structure diagram of a 
prior art flash memory 10. The flash memory 10 has a 
substrate 12, a source 14, a drain 16, a floating gate 18, 
and a control gate 20. A channel 22 induced between the 
floating gate 18 and the substrate 12 is isolated from the 
floating gate 18 through an oxide layer 24. Furthermore, 
another oxide layer 25 isolates the control gate 20 and 
the floating gate 18. The substrate 12 is electrically con- 
nected a reference voltage Vbb. If the flash memory 10 
has an NMOS-based structure, the substrate 12 is a p- 
doped area, and the source 14 and the drain 16 are n- 
doped areas. On the contrary, if the flash memory 10 has 
a PMOS-based structure, the substrate 12 is an n-doped 
area, and the source 14 and the drain 16 are p-doped ar- 
eas. Please note that only one memory cell 26 is shown in 
Fig.l for simplicity. However, the flash memory 10 gener- 



ally has many memory cells 26 indexed by rows and 
columns. That is, a memory cell 26 located at an intersec- 
tion of one row and one column corresponds to a memory 
address for storing data. 
[0006] The operation of the flash memory 10 is described as fol- 
lows. Taking the flash memory 10 with the NMOS-based 
structure for example, the control voltage Vcg inputted to 
the control gate 20 is capable of altering a total amount of 
electrons stored on the floating gate 18. Therefore, the 
electrons stored on the floating gate 18 can be used to 
adjust the threshold voltage associated with formation of 
the channel 22. When a reading operation is performed, 
data bit stored by the memory cell 26 is detected to be "1" 
or "0" according to the total amount of electrons stored 
on the floating gate 18. When the floating gate 18 keeps 
much more electrons, the threshold voltage associated 
with the channel 22 is increased owing to negative polar- 
ity provided by the floating gate 18. That is, a voltage 
level of the control gate 20 needs to be pumped to a 
higher positive voltage to overwhelm a negative voltage 
level provided by the floating gate 18 for inducing the 
channel 22 on the substrate 12. On the contrary, when the 
floating gate 18 keeps fewer electrons or no electrons, the 



threshold voltage associated with formation of the chan- 
nel 22 is accordingly low. Generally speaking, in order to 
conduct the source 14 and the drain 16, that is, to induce 
the channel 22 between the source 14 and the drain 16 
for performing the reading operation, the control voltage 
Vcg is applied to the control gate 20. Then, the current 
passing through the source 14 and the drain 16 is mea- 
sured to determine whether the data bit stored by the 
memory cell 26 is "1" or "0". 
[0007] operations associated with the flash memory 10 are di- 
vided into a programming operation, a reading operation, 
and an erasing operation. Taking the flash memory 10 
having the NMOS-based structure for example, the refer- 
ence voltage Vbb electrically connected to the substrate 
12 corresponds to a grounding voltage (0V for instance), 
the control voltage Vcg electrically connected to the con- 
trol gate 20 corresponds to a positive voltage (+8.5V for 
instance), the control voltage Vs electrically connected to 
the source 14 corresponds to the grounding voltage, and 
the control voltage Vd electrically connected to the drain 
16 corresponds to a positive voltage (+5V for instance) 
when the programming operation is started. The channel 
22 is successfully induced now to connect the drain 16 



and the source 14, and electrons flow from the source 14 
to the drain 16. Because a voltage difference between the 
drain 16 and the source 14 is great, a strong electric field 
is established to drive electrons within the channel 22, 
and well-known channel hot electrons are accordingly in- 
duced. When the energy of the channel hot electrons is 
high enough to overcome a potential barrier established 
by the oxide layer 24, the control gate 20 then attracts the 
energized channel hot electrons to the floating gate 18. 
That is, the floating gate 18 is programmed to store a 
predetermined amount of electrons through the program- 
ming operation. With regard to the memory cell 26 with- 
out being programmed, the grounding voltage is used to 
drive the control gate 20 so that the channel 22 is impos- 
sible to be induced. In other words, the floating gate 18 is 
unable to store a predetermined amount of electrons. 
[0008] with regard to the reading operation, the reference volt- 
age Vbb inputted to the substrate 12 corresponds to a 
grounding voltage (0V for instance), the control voltage 
Vcg inputted to the control gate 20 corresponds to a pos- 
itive voltage (+3.3V for instance), and the control voltage 
Vd inputted to the drain 16 corresponds to a positive 
voltage (+1V for instance). If the floating gate 25 now has 



kept a predetermined amount of electrons through the 
above-mentioned programming operation, the control 
voltage Vcg is not high enough to make the channel 22 
induced in the substrate 12. Therefore, the source 14 and 
the drain 16 are not capable of conducting current suc- 
cessfully. On the contrary, if the floating gate 25 does not 
keep a predetermined amount of electrons through the 
above-mentioned programming operation yet, the control 
voltage Vcg is high enough to induce the channel 22 
within the substrate 12. Therefore, the source 14 is suc- 
cessfully connected to the drain 16 with the help of the 
induced channel 22. In other words, current is success- 
fully passed through the source 14 and the drain 16. In 
the end, a prior art sense amplifier is activated to deter- 
mine the logic value ("1" or "0") recorded by the memory 
cell 26 according to magnitude of the passing current. 
[0009] with regard to the erasing operation, the reference volt- 
age Vbb electrically connected to the substrate 12 corre- 
sponds to a positive voltage (+8.5V for example), the 
control voltage Vcg electrically connected to the control 
gate 20 corresponds to a negative voltage (-7V for exam- 
ple), the control voltage Vs electrically connected to the 
source 14 corresponds to a grounding voltage (0V for ex- 



ample), and the drain 16 is floating. If the floating gate 25 
has stored a predetermined amount of electrons, the elec- 
tric field established between the control gate 20 and the 
substrate 12 will expel the electrons out of the floating 
gate 25. In other words, a well-known Fowler-Nordheim 
tunning effect occurs to remove the electrons on the 
floating gate 25 and the expelled electrons are drained 
out through the drain 14. 
[0010] As mentioned above, the control gate 20 needs to be 

driven by a suitable control voltage Vcg no matter if the 
flash memory 10 performs the programming operation, 
the reading operation, or the erasing operation. Generally 
speaking, the control gate 20 is electrically connected to a 
word line. Therefore, a driving circuit is necessary to pro- 
vide the word line with an appropriate operating voltage. 
Please refer to Fig. 2, which is a circuit diagram of the flash 
memory 10 shown in Fig.l. The flash memory 10 has a 
first decoder 32, a second decoder 34, a row driver 36, a 
power supply circuit 38, and a plurality of memory blocks 
40a, 40b. The row driver 36 includes a plurality of word 
line drivers 42a, 42b, and each of the word line drivers 
42a, 42b has a plurality of word lines WL -Wl . In addi- 
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tion, each of the word lines WL q -WI is electrically con- 



nected to a plurality of memory cells 44. The first decoder 
32 is used to decode a memory address ADDRESS for 
generating a first decoding signal XP. The first decoding 
signal XP is used to determine which word line driver 42a, 
42b is selected. For example, the memory address AD- 
DRESS corresponds to one memory cell 44 located at the 
memory block 40a. After the first decoder 32 decodes the 
memory address ADDRESS, the first decoder 32 acknowl- 
edges that the word line driver 42a needs to be activated 
for accessing the memory block 40a owing to the rela- 
tionship between the memory address ADDRESS and the 
memory block 40a, and the first decoding signal XP is 
then issued by the first decoder 32 to select the wanted 
word line driver 42a. 
1 ] In addition, the second decoder 34 also decodes the 
memory address ADDRESS for generating a second de- 
coding signal XT. The second decoding signal XT is used 
to determine which word line needs to be driven by a spe- 
cific operating voltage for programming, reading, or eras- 
ing a predetermined memory cell. For instance, the mem- 
ory address ADDRESS corresponds to a memory cell 44 
located at the word line WL q within the memory block 40a. 
If the flash memory 10 starts a reading operation, the 



control gate of the memory cell, as mentioned above, 
needs to be driven by a voltage equaling +3.3V. There- 
fore, when the first decoding signal XP selects the word 
line driver 42a, and the second decoding signal XT selects 
the word line WL q , the word line driver 42a is capable of 
driving the word line WL q to approach a voltage level 
equaling +3.3V. 
[0012] The power supply circuit 38 is used to provide the row 
driver 36 with required operating voltages. For example, 
when the flash memory 10 performs the programming 
operation, the power supply circuit 38 outputs a voltage 
equaling +8.5V to the control gate of a memory cell 44 if 
the memory cell 44 needs to be programmed. On the con- 
trary, if the memory cell 44 does not need to be pro- 
grammed, the power supply circuit 38 outputs a voltage 
equaling 0V to the control gate of the memory cell 44. 
When the flash memory 10 performs the reading opera- 
tion, the power supply circuit 38 outputs a voltage equal- 
ing + 3.3V to the control gate of the memory cell 44 if the 
memory cell 44 needs to be read. On the contrary, if the 
memory cell 44 does not need to be read, the power sup- 
ply circuit 38 outputs a voltage equaling 0V to the control 
gate of the memory cell 44. When the flash memory 10 



performs the erasing operation, the power supply circuit 
38 outputs a voltage equaling -7V to the control gate of 
the memory cell 44 for erasing data stored on the memory 
cell 44. To sum up, the power supply circuit 38 provides 
the row driver 36 with different voltage levels according to 
the programming operation, the reading operation, or the 
erasing operation currently run by the flash memory 10. 
[0013] please refer to Fig. 3, which is a circuit diagram of the 

word line driver 42a shown in Fig. 2. The word line driver 
42a includes an NAND gate 46 and a plurality of NOR 
gates 48a, 48b, 48c. As mentioned above, the first decod- 
ing signal XP outputted from the first decoder 32 is used 
to select one word line driver within the roe driver 36. 
Suppose that the row driver 36 has 8 word line drivers, 
wherein the word line driver 42a is the 1 st word line 
driver, and the word line driver 42b is the 8 th word line 
driver. It is well-known that three decoding signals XPA, 
XPB, XPC can be used to select one word line driver out of 
8 word line drivers. For example, the signals inputted into 
the NAND gate 46 are an inverted signal of the decoding 
signal XPA, an inverted signal of the decoding signal XPB, 
and an inverted signal of the decoding signal XPC respec- 
tively. Therefore, the word line driver 42a can be chosen 



successfully when all of the three decoding signals XPA, 
XPB, XPC correspond to the same logic value "0". Con- 
cerning each word line driver, the circuit structure is simi- 
lar to that of the word line driver 42a. The only difference 
is that the signals inputted into the NAND gate 46. Taking 
the word line driver 42b for example, the signals inputted 
into the NAND gate 46 are decoding signals XPA, XPB, 
XPC. Therefore, the word line driver 42b can be chosen 
successfully when all of the three decoding signals XPA, 
XPB, XPC correspond to the same logic value "1". 
[0014] jo sum UPj which word line driver being selected out of 
the 8 word line drivers depends on logic values of the de- 
coding signals XPA, XPB, XPC. As shown in Fig. 3, each of 
the NOR gates 48a, 48b, 48c corresponds to a specific 
word line. That is, the word line drivers 42a has 8 NOR 
gates, wherein the NOR gate 48a corresponds to the word 
line WL q , the NOR gate 48b corresponds to the word line 
WL i , and the NOR gate 48c corresponds to the word line 
Wl_ 7 . The second decoding signal XT is used to determine 
which word line needs to be driven by an operating volt- 
age for successfully programming, reading, or erasing a 
predetermined memory cell. Because the word line driver 
42a shown in Fig. 3 has 8 word lines WL -WL , the second 
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decoding signal XT comprises 8 decoding signals XT q -XT 7 
when the second decoder 34 outputs the second decoding 
signal XT. A logic value of each decoding signal XT q -XT 7 is 
used to determine whether a corresponding word line is 
selected or not. For instance, if a control gate of the pre- 
determined memory cell is electrically connected to the 
word line WL qJ the decoding signal XT q corresponds to the 
logic value "1" only, but remaining decoding signals XT - 
XT 7 correspond to the logic value "0". As shown in Fig. 3, 
after the word line driver 42a is selected through the de- 
coding signals XPA, XPB, XPC corresponding to the logic 
value "0", an output port of the NOR gate 48a corre- 
sponding to the logic value "1" if the decoding signal XT q 
corresponds to the logic value "1". With regard to other 
decoding signal such as the decoding signal XT^ the out- 
put port of the NOR gate 48b corresponds to the logic 
value "0" because the logic value associated with the de- 
coding signal XT is "0". 
[0015] please note that a level shift circuit is interposed between 
an output port of each NOR gate and a corresponding 
word line WL q -WL 7 . As shown in Fig. 3, the NOR gate 48a 
is electrically connected to the level shift circuit 50a, the 
NOR gate 48b is electrically connected to the level shift 



circuit 50b, and the NOR gate 48c is electrically connected 
to the level shift circuit 50c. The level shift circuits 50a, 
50b, 50c apply the same circuit structure. Taking the level 
shift circuit 50a for example, the level shift circuit 50a has 
transistors 52a, 52b, 52c, 52d and an inverter 54, wherein 
the transistors 52a, 52c are PMOS transistors, and the 
transistors 52b, 52d are NMOS transistors. Suppose that 
the flash memory 10 runs the reading operation. There- 
fore, the power supply circuit 38 respectively outputs 
+ 3.3V and 0V. The voltage level +3.3V is used to be the 
voltage level VI shown in Fig. 3, and the voltage level 0V is 
used to be the voltage level V2 shown in Fig. 3. When an 
output port of the NOR gate 48a corresponds to the logic 
value "1", the transistor 52b is turned on for driving a 
node A to approach 0V. That is, the node A corresponds 
to the logic value "0". 
[0016] At the same time, the transistor 52c is turned on to make 
a node B approach a voltage level equaling 0V. That is, the 
node B corresponds to the logic value "1". Because the 
transistors 52a, 52d are not turned on, the word line WL 
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finally approaches a voltage level equaling +3.3V for suc- 
cessfully reading data stored by the memory cell. On the 
contrary, when the output port of the NOR gate 48a cor- 



responds to the logic value "0", the transistor 52b is 
turned off without conducting current, but an output port 
of the inverter 54 corresponds to the logic value "1" to 
turn on the transistor 52d. Therefore, a node B ap- 
proaches a voltage level equaling 0V. That is, the node B 
corresponds to the logic value "0". At the same time, the 
transistor 52a is turned on to make the node A approach 
a voltage level equaling +3.3V. That is, the node A corre- 
sponds to the logic value "1". Because the transistors 52b, 
52c are not turned on, the word line WL q finally ap- 
proaches a voltage level equaling 0V so that the corre- 
sponding memory cell can not be read with such a low 
voltage. 

[0017] a s mentioned above, each of the word lines WL -WL 
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needs to be connected to a corresponding level shift cir- 
cuit. Taking the level shift circuit 50a for example, the 

level shift circuit 50a determines the word line WL being 
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driven to approach the voltage level VI or the voltage 

level V2 according to the decoding signals XPA, XPB, XPC, 

XT . It is obvious that the level shift circuit 50a requires at 
o M 

least 6 transistors to enable its logic function. Therefore, 
when the prior art flash memory 10 has a plurality of word 
lines, the amount of transistors used in the row driver 36 



is huge, making the chip size of the flash memory 10 ac- 
cordingly large. 
Summary of Invention 

[0018] it is therefore a primary objective of this invention to pro- 
vide a flash memory providing a plurality of word line 
drivers with an identical driving voltage output circuit for 
greatly reducing a total amount of implemented transis- 
tors. 

[0019] Briefly summarized, the preferred embodiment of the 

present invention discloses a non-volatile memory having 
a plurality of memory blocks, a first decoder for decoding 
a memory address to generate a plurality of first decoding 
signals, a second decoder for decoding the memory ad- 
dress to generate a plurality of second decoding signals, 
and a row driver for driving a predetermined word line to 
approach a predetermined voltage level. Each of the 
memory blocks comprises a plurality of word lines, and 
each of the word lines is electrically connected to a plural- 
ity of memory cells. The row driver includes a plurality of 
word line drivers electrically connected to the first de- 
coder and the second decoder. Each of the word line 
drivers has a plurality of driving units wherein each of the 
driving units is electrically connected to a word line, a 



memory block selector electrically connected to the driv- 
ing units for turning on the driving units according to the 
first decoding signals, and a driving voltage output circuit 
electrically connected to the driving units for determining 
a plurality of driving voltages according to the second de- 
coding signals without using the first decoding signals, 
and outputting a predetermined driving voltage to drive 
the predetermined word line to approach the predeter- 
mined voltage level when a driving unit connected to the 
predetermined word line is turned on to electrically con- 
nect the predetermined word line and the driving voltage 
output circuit. 

[0020] it is an advantage of the present invention that one driv- 
ing voltage output circuit is used to drive a plurality of 
word line drivers so that the amount of transistors imple- 
mented in the claimed flash memory is greatly reduced. 
Therefore, the claimed flash memory has a smaller chip 
size and a lower production cost. 

[0021] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the various fig- 
ures and drawings. 



Brief Description of Drawings 
[0022] pig.l is a structure diagram of a prior art flash memory. 

[0023] Fig. 2 is a circuit diagram of the flash memory shown in 
Fig.l. 

[0024] pig. 3 is a circuit diagram of a word line driver shown in 
Fig. 2. 

[0025] Fig. 4 is a block diagram of a flash memory according to 

the present invention. 
[0026] Fig. 5 is a circuit diagram of a word line driver shown in 

Fig. 4. 

[0027] Fig. 6 is a circuit diagram of a substrate voltage controller 
shown in Fig. 4. 

[0028] Fig. 7 is a circuit diagram of a driving voltage output cir- 
cuit shown in Fig. 4. 
[0029] Fig. 8 is a circuit diagram of a word line reset circuit shown 

in Fig. 4. 
Detailed Description 

[0030] please refer to Fig. 4, which is a block diagram of a flash 
memory according to the present invention. The flash 
memory 60 has a first decoder 62, a second decoder 64, a 
power supply circuit 66, a row driver 68, and a plurality of 
memory blocks 70a, 70b. The row driver 68 has a plurality 



of word line drivers 72a, 72b, a driving voltage output cir- 
cuit 74, a substrate voltage controller 76, and a word line 
reset circuit 78. The word line drivers 72a, 72b respec- 
tively correspond to the memory blocks 70a, 70b. Each of 
the memory blocks 70a, 70b has a plurality of memory 
cells 80. In addition, memory block selectors 82a, 82b are 
respectively positioned in the word line drivers 72a, 72b 
for determining if the word line drivers 72a, 72b are acti- 
vated. Each of the word line drivers 72a, 72b is used to 
control voltage levels assigned to a plurality of word lines 
WL -WL . As shown in Fig. 4, Each of the word lines WL - 
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WL is electrically connected to a plurality of memory cells 

n 

80. The first decoder 62 is used to decode a memory ad- 
dress ADDRESS for generating a first decoding signal XP. 
The first decoding signal XP is used to determine which 
word line driver 72a, 72b is selected. For example, the 
memory address ADDRESS corresponds to one memory 
cell 80 located at the memory block 70a. After the first 
decoder 62 decodes the memory address ADDRESS, the 
first decoder 62 acknowledges that the word line driver 
72a needs to be activated for accessing the memory block 
70a owing to the relationship between the memory ad- 
dress ADDRESS and the memory block 70a, and the first 



decoding signal XP is then issued by the first decoder 62 
to select the wanted word line driver 72a. 
[0031] | n addition, the second decoder 34 also decodes the 

memory address ADDRESS for generating a second de- 
coding signal XT to the driving voltage output circuit 74. 
The second decoding signal XT is used to determine 
which word line needs to be driven by a specific operating 
voltage for programming, reading, or erasing a predeter- 
mined memory cell. Then, the driving voltage output cir- 
cuit 74 controls voltage levels of the word lines WL -WL 
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within one word line driver selected by the first decoding 
signal XP according to the information provided by the 
second decoding signal XT and the operating voltages 
provided by the power supply circuit 66. For instance, the 
memory address ADDRESS corresponds to a memory cell 
80 located at the word line WL q within the memory block 
70a. If the flash memory 60 starts a reading operation, 
the control gate of the memory cell, as mentioned above, 
needs to be driven by a voltage equaling +3.3V. There- 
fore, the power supply circuit 66 outputs an operating 
voltage equaling +3.3V to the driving voltage output cir- 
cuit 74. When the first decoding signal XP selects the word 
line driver 72a, and the second decoding signal XT selects 



the word line WL q , the driving voltage output circuit 74 is 
capable of delivering the operating voltage equaling 
+ 3.3V to the word line WL q for reading the memory cells 
80 located at the word line WL q successfully. 
[0032] with regard to other unselected word lines WI^-WL^, the 
driving voltage output circuit 74 is unable to output the 
operating voltage equaling +3.3V to the word lines Wl^- 
WL . Therefore, data stored by the memory cells 80 lo- 
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cated at the word lines WI^-WL^ can be successfully read. 
Furthermore, the substrate voltage controller 76 electri- 
cally connected to the power supply circuit 66 us used for 
providing the substrates of transistors in the word line 
drivers 72a, 72b with appropriate voltages when the flash 
memory 60 runs the programming operation, the reading 
operation, or the erasing operation. When the flash mem- 
ory 60 runs the programming operation, the reading op- 
eration, or the erasing operation, the word line reset cir- 
cuit 78 is used to control whether the voltage levels of the 
word lines WL Q -WL n are reset to approach a predeter- 
mined voltage level such as the grounding voltage. 
[0033] As mentioned above, the power supply circuit 66 is used 
to provide the row driver 68 with required operating volt- 
ages. For example, when the flash memory 60 performs 



the programming operation, the power supply circuit 66 
outputs a voltage equaling +8.5V to the driving voltage 
output circuit 74 so that the driving voltage output circuit 
74 can further drive the control gate of the memory cell 
80 to approach the voltage level equaling +8.5V if the 
memory cell 80 needs to be programmed. On the con- 
trary, if the memory cell 80 does not need to be pro- 
grammed, the power supply circuit 66 outputs a voltage 
equaling 0V to the driving voltage output circuit 74 so 
that the driving voltage output circuit 74 then drives the 
control gate of the memory cell 80 to approach the volt- 
age level equaling 0V. When the flash memory 60 per- 
forms the reading operation, the power supply circuit 66 
outputs a voltage equaling +3.3V to the driving voltage 
output circuit 74 so that the driving voltage output circuit 
74 can further drive the control gate of the memory cell 
80 to approach the voltage level equaling +3.3V if the 
memory cell 80 needs to be read. 
[0034] on the contrary, if the memory cell 80 does not need to 
be read, the power supply circuit 66 outputs a voltage 
equaling 0V to the driving voltage output circuit 74 so 
that the driving voltage output circuit 74 then drives the 
control gate of the memory cell 80 to approach the volt- 



age level equaling OV. Similarly, the power supply circuit 
38 provides the row driver 68 with needed voltage levels 
such 7.5V and OV when the flash memory 60 runs the 
erasing operation. With regard to the memory cells 80 
whose stored data need to be erased, the control gates of 
the memory cells 80 are driven to approach 7.5V. With re- 
gard to the memory cell 80 whose stored data do not 
need to be erased, the control gates of the memory cells 
80 are driven to approach 0V. In other words, the power 
supply circuit 66 provides the row driver 68 with different 
operating voltages according to the programming opera- 
tion, the reading operation, or the erasing operation cur- 
rently run by the flash memory 10. 
[0035] please refer to Fig. 5, which is a circuit diagram of the 

word line driver 72a shown in Fig. 4. The word line driver 
72a has a memory block selector 82a and a plurality of 
driving units 83a, 83b, 83c. The memory block selector 
82a has an NAND gate 84, a plurality of transistors 86a, 
86b, 86c, 86d, 86e, 86f, and a plurality of inverters 87a, 
87b, 87c, 87d, 87e. Each of the driving units 83a, 83b, 
83c individually corresponds to a word line. For instance, 
the word line driver 72a is used to control 8 word lines WL 
-WL , wherein the driving unit 83a is used to drive the 



word line WL , the driving unit 83b is used to drive the 
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word line WL , and the word line WL is used to drive the 
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word line WL 7 - Each of the driving units 83a, 83b, 83c has 
the same circuit structure. Taking the driving unit 83a for 
example, the driving unit 83a has a plurality of transistors 
88a, 88b, 88c. The transistors 88b, 88c are NMOS transis- 
tors, but the transistor 88a is a PMOS transistor. The tran- 
sistor 88a is fabricated on an n-type substrate such as an 
N well, and the n-type substrate is electrically connected 
to a voltage Vnw. Please note that a voltage level associ- 
ated with the voltage Vnw is dominated by the substrate 
voltage controller 76, but the voltages (Vin) Q -(Vin) 7 in- 
putted into the driving units 83a, 83b, 83c are dominated 
by the driving voltage output circuit 74. In addition, the 
voltage Vin inputted into each of the driving units 83a, 
83b, 83c is provided by the power supply circuit 66. In the 
row driver 68, the circuit structure of each word line driver 
is identical. Therefore, only one word line driver 72a is il- 
lustrated for simplicity. 
[0036] As described above, the first decoding signal XP gener- 
ated from the first decoder 62 is used to choose one word 
line driver in the row driver 68. Suppose that the row 
driver 68 has 8 word line drivers. The word line driver 72a 



is the first word line driver, and the word line driver 72b is 
the last word line driver. It is well-known that three de- 
coding signals XPA, XPB, XPC can successfully select any 
wanted word line driver out of the 8 word line drivers 
within the row driver 68. For example, the decoding signal 
XPA can be driven by either the logic value "1" or the logic 
value "0", the decoding signal XPB can be driven by either 
the logic value "1" or the logic value "0", and the decoding 
signal XPC can be driven by either the logic value "1" or 
the logic value "0". Therefore, with help of the different 
logic values assigned to the decoding signals XPA, XPB, 
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XPC, the decoding signals XPA, XPB, XPC can generate 2 
different combinations. In other words, when the first de- 
coding signal XP is consisted of three decoding signals 
XPA, XPB, XPC, one combination established by the de- 
coding signals XPA, XPB, XPC is used to choose a specific 
word line driver. 
[0037] as shown in Fig. 5, the decoding signals XPA, XPB, XPC are 
processed by inverters 87c, 87d, 87e to become corre- 
sponding inverted signals, and the inverted signals are in- 
putted into the NAND gate 84. Therefore, the output port 
of the NAND gate 84 corresponds to the logic value "1" if 
each of the decoding signals XPA, XPB, XPC corresponds 



to the logic value "0". In other words, the word line driver 
72a is selected under this condition only. For each word 
line driver, the circuit structure is similar to that of the 
word line driver 72a. The only difference is that the sig- 
nals inputted into the NAND gate 84. Taking the word line 
driver 72b for example, the signals inputted into the 
NAND gate 84 are decoding signals XPA, XPB, XPC directly 
without being processed by inverters. Therefore, the out- 
put port of the NAND gate 84 corresponds to the logic 
value "1" if each of the decoding signals XPA, XPB, XPC 
corresponds to the logic value "1". In other words, the 
word line driver 72b is selected under this condition. To 
sum up, the logic values of the decoding signals XPA, XPB, 
XPC can be used to determine which word line driver is 
picked through the control of the NAND gate 84. 
[0038] | n the preferred embodiment, when the decoding signals 
XPA, XPB, XPC correspond to the same logic value "0", the 
NAND gate 84 of the word line driver 72a outputs the 
logic value "0". After the logic value "0"processed by the 
inverters 87a, 87b, the node B corresponds to the logic 
value "0". That is, the voltage level at the node B is a low 
voltage such as a grounding voltage. With regard to the 
node A, the node A corresponds to the logic value "0" as 



well because the transistors 86a, 86c, 86f are turned on, 
and the transistors 86b, 86d, 86e stay off. That is, the 
voltage level at the node A also corresponds to the 
grounding voltage. The transistor 88a is then turned on 
so that the voltages (Vin) Q -(Vin) 7 can drive corresponding 
word lines WL q -WL 7 successfully. On the contrary, when 
all of the three decoding signals XPA, XPB, XPC do not 
correspond to the same logic value "0", the NAND gate 84 
outputs the logic value "1". After the logic value "l"is pro- 
cessed by the inverters 87a, 87b, the node B corresponds 
to the logic value "1". That is, the voltage level at the node 
B is a positive voltage higher than the grounding voltage 
GND. With regard to the node A, the node A corresponds 
to the logic value "1" as well because the transistors 86b, 
86d, 86e are turned on, and the transistors 86a, 86c, 86f 
stay off. That is, the voltage level at the node A corre- 
sponds to the voltage Vnw (a substrate voltage of the 
transistor 88a) so that the transistor 88a can be turned 
on. Because the transistor 88b is turned on, the voltage 

Vin" instead drives all of the word lines WL -WL . 

o 7 

[0039] please refer to Fig. 6, which is a circuit diagram of the sub- 
strate voltage controller 76 shown in Fig. 4. The substrate 
voltage controller 76 has a plurality of transistors 90a, 



90b, 90c, 90d, 90e, 90f, 90g, 90h, and two inverters 92a, 
92b. If the flash memory 60 performs the programming 
operation or the reading operation, an input signal NEGWL 
corresponds to the logic value "0". That is, the input sig- 
nal NEGWL is the grounding voltage. The transistor 90e 
remains off, but the transistor 90c is turned on. In addi- 
tion, the output port of the inverter 92a corresponds to 
the logic value "1". That is, the output port of the inverter 
92a is driven by a high voltage level such as a voltage 
Vpp. The transistor 90f is turned on, but the transistor 
90d remains off. A node C is electrically connected to the 
grounding terminal GND to be driven by the grounding 
voltage because the transistor 90f is turned on. The tran- 
sistor 90a is accordingly turned on to make a voltage level 
at a node D approach the voltage Vpp. The transistor 90b 
stays off after the voltage level of the node D approaches 
the voltage Vpp. It is obvious that an output port of the 
inverter 92b corresponds to the grounding voltage. 
Therefore, the transistor 90h can be turned on. 
[0040] However, the transistor 90g is turned on to make the volt- 
age Vnw equal the supplied voltage Vpp. In other words, if 
the flash memory 60 performs the programming opera- 
tion or the reading operation, the voltage Vnw is set by 



the substrate voltage controller 76 to equal the voltage 
Vpp such as +8.5V. On the contrary, if the flash memory 
60 runs the erasing operation, the input signal NEGWL 
corresponds to the logic value "1". That is, the input sig- 
nal NEGWL is driven to hold a high voltage level such as 
the voltage Vpp. Therefore, the transistor 90c stays off, 
and the transistor 90e is turned on to make the node D 
electrically connected to the grounding terminal GND. In 
addition, the output port of the inverter 92acorresponds 
to the logic value "0". That is, a voltage level of the output 
port of the inverter 92a become the grounding voltage, 
and the transistor 90d is turned on to make the voltage 
level at the node C approach the voltage Vpp. At the same 
time, the transistor 90a stays off. It is obvious that the 
output port of the inverter 92b corresponds to the high 
voltage level such as the voltage Vpp. Therefore, the tran- 
sistor 90g is not turned on, and the transistor 90h is 
turned on in the end to drive the voltage Vnw toward the 
grounding voltage. In other words, if the flash memory 60 
runs the erasing operation, the voltage Vnw is set by the 
substrate voltage controller 76 to be the grounding volt- 
age such as 0V. 
[0041] please refer to Fig. 7, which is a circuit diagram of the 



driving voltage output circuit 74 shown in Fig. 4. The driv- 
ing voltage output circuit 74 has a plurality of output 
units 94a, 94b. As shown in Fig. 5, if the word line driver 
82 is used to drive voltage levels of 8 word lines WI_ o -WI_ 7 , 
the driving voltage output circuit 74 needs to include 8 
output units 94a, 94b for setting the voltages (Vin) Q -(Vin) 7 
required by each of the driving units 83a, 83b, 83c. In 
Fig. 7, the output unit 94a is used to set the voltage (Vin) Q , 
and the output unit 94b is used to set the voltage (Vin) 7 - 
Each of the output units 94a, 94b has the same circuit 
structure. Taking the output unit 94a for example, the 
output unit 94a has a plurality of transistors 96a, 96b, 
96c, 96d, 96e, 96f, 96g, 96h and an inverter 98. If the 
flash memory 60 performs the programming operation, 
the voltage Vset provided by the power supply circuit 66 
corresponds to the above-mentioned voltage Vpp such as 
+8.5V. When the memory cells 80 at the word line WL q 
needs to be programmed, the second decoding signal XT 
outputted from the second decoder 64 is used to select 
the word line WL q . That is, if the second decoding signal 
XT consists of decoding signals XT q -XT 7 , the decoding 
signal XT q corresponds to the logic value "1", and other 
decoding signals XT -XT correspond the logic value "0". 



[0042] For the output unit 94a, an output port of the inverter 98 
corresponds to the logic value "0". That is, a voltage level 
at the output port of the inverter 98 is the grounding volt- 
age. The transistor 96e remains off, but the transistor 96c 
is turned on. In addition, because the decoding signal XT q 
corresponds to a high voltage level such as a voltage Vset, 
the transistor 96f is turned on, and the transistor 96d re- 
mains off. With the transistor 96f being switched on, a 
node E is electrically connected to the grounding terminal 
GND to be driven by the grounding voltage. Therefore, the 
transistor 96a is turned on to make a voltage level at a 
node F approach the voltage Vset so that the transistor 
96b stays off. It is obvious that the transistor 90h remains 
off, and the transistor 90g is turned on to drive the volt- 
age (Vin) Q toward the voltage Vset. On the contrary, for 
the unselected decoding signals XT -XT , the decoding 
signals XT -XT correspond to the logic value "0". That is, 
voltage levels of the decoding signals XT -XT are the 
grounding voltage. Therefore, the output port of the in- 
verter 98 corresponds to the logic value "1" to hold the 
high voltage level such as the voltage Vset. The transistor 
96c remains off, but the transistor 96e is turned on to 
make the node F electrically connected to the grounding 



terminal GND. In addition, the transistor 96d is turned on, 
and the transistor 96f remains off. With the transistor 96e 
being switched on, the transistor 96e drives the voltage 
level at the node F to approach the grounding voltage. 
The transistor 96b is accordingly turned on to make the 
voltage level at the node E approach the voltage Vset. At 
the same time, the transistor 96a stays off. 

[0043] it is obvious that the transistor 96g remains off, but the 
transistor 96h is turned on to drive the voltage (Vin) Q to 
approach the grounding voltage. If the flash memory 60 
runs the reading operation, the voltage Vset provided by 
the power supply circuit 66 corresponds to a voltage Vdd 
such as +3V. However, if the flash memory 60 runs the 
erasing operation, the voltage Vset provided by the power 
supply circuit 66 corresponds to the grounding voltage 
such as 0V. Please note that the operation of the driving 
voltage output circuit 74 has been described above, and it 
is not repeated for the reading operation and the erasing 
operation. To sum up, the driving voltage output circuit 
74 controls the voltages (Vin) Q -(Vin) 7 according to the 
voltage Vset provided by the power supply circuit 66 and 
the decoding signals XT q -XT 7 - 

[0044] please refer to Fig.4-Fig.7 at the same time. The detailed 



operation associated with the word line driver 72a is de- 
scribed as follows. 
[0045] (i) The reading operation 

[0046] At this time, the voltage Vin" generated from the power 
supply circuit 66 corresponds to the grounding voltage 
(0V). For the memory cells 80 prepared to read stored 
data, the driving voltage output circuit 74 drives voltages 
(Vin) Q -(Vin) 7 toward +3V. On the contrary, with regard to 
the memory cells 80 without being read, the driving volt- 
age output circuit 74 drives corresponding voltages (Vin) 
-(Vin) toward the grounding voltage. As shown in Fig. 7, 
the voltage Vset equals +3V. In addition, because the 
reading operation is performed, the voltage Vpp shown in 
Fig. 6 equals +8.5V. That is, the substrate voltage con- 
troller 76 controls the voltage Vnw to approach +8.5V. 

[0047] if the memory cells 80 being read are located at the word 
line WL q of the memory block 70a, the first decoding sig- 
nal XP outputted from the first decoder 62 enables the 
word line driver 72a. That is, the memory block selector 
82a sets the nodes A, B to correspond to the logic value 
"0" according to the decoding signals XPA, XPB, XPC. 
Therefore, the transistor 88a of each driving unit 83a, 
83b, 83c is turned on, and the transistor 88b of each 



driving unit 83a, 83b, 83c remains off. Because the mem- 
ory cells 80 being read are positioned at the word line WL 
, the decoding signal XT q within the second decoding 
signal XT outputted from the second decoder 64 corre- 
sponds to the logic value "1". However, remaining decod- 
ing signals XT -XT correspond to the logic value "0". As 
shown in Fig. 7, the voltage (Vin) Q is driven by the voltage 
Vset (+3V), but the voltages (Vin) -(Vin) correspond to 
the grounding voltage. As shown in Fig. 5, the voltage level 
of the word line WL q is driven to approach the voltage 
(Vin) Q . The word line WL q , therefore, is capable of holding 
a voltage level equaling +3V, and the data stored in the 
memory cells 80 located at the word line WL q of the mem- 
ory block 70a are successfully retrieved. With regard to 
remaining word lines WL -WL , the corresponding voltage 
levels of the word lines WI^-WI^ are driven by voltages 
(Vin) -(Vin) . In other words, the word lines WL -WL hold 
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the grounding voltage (0V) so that the data stored in the 
memory cells 80 located at the word line WL^WL^, of the 
memory block 70a can not be retrieved. 
[0048] if the memory cells 80 being read are located at the word 
line WL q of the memory block 70b, the first decoding sig- 
nal XP outputted from the first decoder 62 enables the 



word line driver 72b. Therefore, for the unselected word 
line driver 72a, the memory block selector 82a sets the 
nodes A, B to correspond to the logic value "1" according 
to the decoding signals XPA, XPB, XPC associated with the 
selected word line driver 72b. The transistor 88a of each 
driving unit 83a, 83b, 83c remains off, but the transistor 
88b of each driving unit 83a, 83b, 83c is turned on. Be- 
cause the data stored in the memory cells 80 of the mem- 
ory block 72a do not need to be read, the voltage Vin" 
drives each of the word lines WL -WL after the transistors 

0 7 

88b of the driving unit 83a, 83b, 83c are turned on. 
Please note that the voltage Vin" is the grounding voltage 
when the reading operation is performed. In other words, 
the data stored in the memory cells 80 located at the word 
lines WI_ o -WI_ 7 can not be read owing to the grounding 
voltage held by the word lines WL q -WL 7 . 
[0049] (2) The programming operation 

[0050] At this time, the voltage Vin" generated from the power 
supply circuit 66 corresponds to the grounding voltage 
(0V). For the memory cells 80 prepared to be pro- 
grammed, the driving voltage output circuit 74 drives 
voltages (Vin) Q -(Vin) 7 toward +8.5V. On the contrary, with 
regard to the memory cells 80 without being pro- 



grammed, the driving voltage output circuit 74 drives cor- 
responding voltages (Vin) Q -(Vin) 7 toward the grounding 
voltage. As shown in Fig. 7, the voltage Vset equals +8.5V. 
In addition, because the programming operation is per- 
formed, the voltage Vpp shown in Fig. 6 equals +8.5V. 
That is, the substrate voltage controller 76 controls the 
voltage Vnw to approach +8.5V. 
[0051] if the memory cells 80 being programmed are located at 
the word line WL q of the memory block 70a, the first de- 
coding signal XP outputted from the first decoder 62 en- 
ables the word line driver 72a. That is, the memory block 
selector 82a sets the nodes A, B to correspond to the logic 
value "0" according to the decoding signals XPA, XPB, XPC. 
Therefore, the transistor 88a of each driving unit 83a, 
83b, 83c is turned on, and the transistor 88b of each 
driving unit 83a, 83b, 83c remains off. Because the mem- 
ory cells 80 being programmed are positioned at the word 

line WL , the decoding signal XT within the second de- 
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coding signal XT outputted from the second decoder 64 
corresponds to the logic value "1". However, remaining 
decoding signals XT -XT correspond to the logic value 
"0". As shown in Fig. 7, the voltage (Vin) Q is driven by the 
voltage Vset (+8.5V), but other voltages (Vin) -(Vin) cor- 



respond to the grounding voltage. As shown in Fig. 5, the 
voltage level of the word line WL q is driven to approach 
the voltage (Vin) Q . The word line WL q , therefore, is capable 
of holding a voltage level equaling +8.5V, and the data 
stored in the memory cells 80 located at the word line WL q 
of the memory block 70a are successfully programmed. 
With regard to remaining word lines WL -WL , the corre- 
sponding voltage levels of the word lines WL -WL are 
driven by voltages (Vin) -(Vin) . In other words, the word 
lines WL i -WL 7 hold the grounding voltage (0V) so that the 
data stored in the memory cells 80 located at the word 
line WL i ~WL 7 of the memory block 70a can not be pro- 
grammed. 

[0052] if the memory cells 80 being programmed are located at 
the word line WL q of the memory block 70b, the first de- 
coding signal XP outputted from the first decoder 62 en- 
ables the word line driver 72b. Therefore, for the unse- 
lected word line driver 72a, the memory block selector 
82a sets the nodes A, B to correspond to the logic value 
"1" according to the decoding signals XPA, XPB, XPC asso- 
ciated with the selected word line driver 72b. The transis- 
tor 88a of each driving unit 83a, 83b, 83c remains off, but 
the transistor 88b of each driving unit 83a, 83b, 83c is 



turned on. Because the memory cells 80 of the memory 
block 72a do not need to be programmed, the voltage 
Vin" drives each of the word lines WL -WL after the tran- 
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sistors 88b of the driving unit 83a, 83b, 83c are turned 
on. Please note that the voltage Vin" is the grounding 
voltage when the programming operation is performed. In 
other words, the memory cells 80 located at the word 
lines WI_ o -WI_ 7 can not be programmed owing to the 
grounding voltage held by the word lines WL q -WL 7 . 
[0053] (2) The erasing operation 

[0054] ^ this time, the voltage Vin" generated from the power 
supply circuit 66 corresponds to a negative voltage (-7V 
for example). For the memory cells 80 prepared to be 
erased, the driving voltage output circuit 74 drives volt- 
ages (Vin) Q -(Vin) 7 toward the grounding voltage (0V). As 
shown in Fig. 7, the voltage Vset equals 0V. In addition, 
because the erasing operation is performed, the input 
signal NEGWL shown inFig.6 corresponds to the logic 
value "1". Therefore, the grounding voltage drives the 
voltage Vnw to approach 0V. That is, the substrate voltage 
controller 76 controls the voltage Vnw to approach 0V. 

[0055] Suppose that the data stored in all memory cells 80 of the 
flash memory 60 need to be erased, and that the first de- 



coding signal XP outputted from the first decoder 62 en- 
ables the word line driver 72a. That is, the memory block 
selector 82a sets the nodes A, B to correspond to the logic 
value "0" according to the decoding signals XPA, XPB, XPC. 
Please note that the substrate of the transistor 88a in each 
driving unit 83a, 83b, 83c is electrically connected to the 
grounding voltage now, and the source of the transistor 
88b in each driving unit 83a, 83b, 83c is electrically con- 
nected to the negative voltage. Therefore, when the 
grounding voltage is inputted into the gates of the tran- 
sistors 88a, 88b in each driving unit 83a, 83b, 83c, the 
transistor 88a in each driving unit 83a, 83b, 83c remains 
off, and the transistor 88b in each driving unit 83a, 83b, 
83c is turned on. The voltage Vin" drives the voltages (Vin) 
Q -(Vin) 7 to approach 7V through the enabled transistor 
88b in each driving unit 83a, 83b, 83c. In other words, the 
data stored in all memory cells 80 of the memory block 
70a can be erased successfully. 
[0056] | n addition, suppose the first decoding signal XP out- 
putted from the first decoder 62 enables the word line 
driver 72b. Therefore, for the unselected word line driver 
72a, the voltage level at the node A corresponds to the 
voltage Vnw to approach 0V. Therefore, the transistor 88a 



of each driving unit 83a, 83b, 83c remains off. However, 
the voltage level at the node B is high enough to turn on 
the transistor 88b of each driving unit 83a, 83b, 83c. The 
voltage Vin" then drives the voltages (Vin) Q -(Vin) 7 to ap- 
proach 7V. In other words, when the flash memory 60 
runs the erasing operation, the word lines WL q -WL 7 asso- 
ciated with the corresponding word line drivers 72a, 72b 
in row driver 68 are driven by the voltage Vin" to have the 
voltage level equaling 7V. So, the data stored in all mem- 
ory cells 80 of the flash memory 60 can not be erased 
successfully. 

[0057] please note that the grounding voltage is inputted into the 
transistors 88a, 88b when the erasing operation is per- 
formed. If the transistor 88b is turned on, the drain of the 
transistor 88a is driven by the voltage Vin" to have the 
voltage level approaching 7V. However, the source of the 
transistor 88a is still controlled by the driving voltage 
output circuit 74 to have the voltage level approaching the 
grounding voltage. Suppose that the voltage Vnw is kept 
at the voltage level used for the reading operation or the 
programming operation, that is, +8.5V. A great inverse 
bias (15.5V) is induced between the drain of the transistor 
88a and the substrate of the transistor 88a. Therefore, it 



is possible that the drain of the transistor 88a and the 
substrate of the transistor 88a is electrically connected 
owing to a junction breakdown, and the erasing operation 
fails. The preferred embodiment discloses a substrate 
voltage controller 74 that is capable of driving the voltage 
Vnw inputted into the substrate of the transistor 88a to 
approach the grounding voltage when the flash memory 
60 starts the erasing operation. The above-mentioned ex- 
cess inverse bias is prevented from occurring. 
[0058] when a predetermined word line driver (the word line 

driver 72a for example) is activated for the reading opera- 
tion or the programming operation, the transistor 88a in 
each driving unit 83a, 83b, 83c is turned on. Therefore, 
the voltages (Vin) Q -(Vin) 7 are capable of driving corre- 
sponding word lines WL q -WL 7 . In other words, the voltage 
levels of the voltages (Vin) Q -(Vin) 7 determine whether the 
memory cells 80 at word lines WL q -WL 7 are required to be 
programmed or read. For example, suppose that the 
memory cells 80 at the word line WL q need to be pro- 
grammed or read. The voltage (Vin) Q outputted from the 
driving voltage output circuit 74 corresponds to a positive 
voltage such as +8.5V or +3V. Therefore, the voltage level 
+8.5V for the programming operation or the voltage level 



+ 3V is delivered to the word line WL through the transis- 
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tor 88a. On the contrary, if the memory cells 80 at the 
word line WL q does not need to be programmed or read, 
the voltage (Vin) Q provided by the driving voltage output 
circuit 74 corresponds to the grounding voltage such as 
0V. Therefore, the voltage level 0V for the programming 
operation or the reading operation is delivered to the 

word line WL . However, the transistor 88a is a PMOS 

o 

transistor, and a threshold voltage of the transistor 88a 
corresponds to a negative voltage Vtp. For the driving unit 
83a, the transistor 88a is turned on when the gate of the 
transistor 88a is driven by the grounding voltage. If the 
voltage (Vin) Q inputted into the source of the transistor 
88a corresponds to a positive voltage, the voltage level of 
the word line WL q becomes the voltage ( Vin ) 0 - 
[0059] However, suppose that the voltage (Vin) Q inputted into the 
drain of the transistor 88a corresponds to the grounding 
voltage. When the voltage level of the word line WL q is 
lower than a positive voltage Vtp, a voltage difference be- 
tween between the gate of the transistor 88a and the 
source of the transistor 88a is lower than the positive 
voltage Vtp so that the transistor 88a can not conduct 
current. That is, the voltage level of the word line WL q is 



deviated from the predetermined grounding voltage to 
approach the positive voltage Vtp finally. In other words, 
the PMOS transistor has better transmission performance 
for transferring the logic value "1". On the contrary, it is 
well-known that the NMOS transistor has better transmis- 
sion performance for transferring the logic value "0". In 
order to solve the problem associated with the transistor 
88a delivering the grounding voltage to the word lines WL 
o -WI_ 7> the preferred embodiment utilizes a transistor 88c 
in each of the driving units 83a, 83b, 83c to help the 
transistor 88a deliver the wanted grounding voltage to the 
word lines WL q -WL 7 . Then, the flash memory 60 functions 
correctly. In addition, the voltages (Vrst) Q -(Vrst) 7 gener- 
ated from the word line reset circuit 78 shown in Fig. 4 de- 
termine whether the transistor 88c in each driving unit 
83a, 83b, 83c is activated or not. 
[0060] please refer to Fig. 8, which is a circuit diagram of the 
word line reset circuit 78 shown in Fig. 4. The word line 
reset circuit 78 has a plurality of voltage level reset units 
100a, 100b. Please note that only two voltage level reset 
units 100a, 100b are shown in Fig. 8 for conveniently de- 
scribing the operation of the word line reset circuit 78. 
Both of the voltage level reset units 100a, 100b corre- 



spond to the same circuit structure. Taking the voltage 
level reset unit 100a for example, the voltage level reset 
unit 100a includes two NOR gates 102a, 102b, an NAND 
gate 104, two inverters 106a, 106b, and two transistors 
108a, 108b. As shown in Fig. 5, the word line driver 72a 
has 8 driving units. The word line reset circuit 78, there- 
fore, has 8 voltage level reset units for outputting volt- 
ages (Vrst) Q -(Vrst) 7 . In the preferred embodiment, the 
voltage level reset unit 100a is used to control the voltage 
level of the voltage (Vrst) Q , and the voltage level reset unit 
100b is used to control the voltage level of the voltage 
(Vrst) 7 - If the flash memory 60 performs the erasing oper- 
ation, the input signal NEGWL corresponds to the logic 
value "1". No matter what the logic value associated with 
the decoding signal XT q is, an output port of the NOR gate 
102a certainly corresponds to the logic value "0", and the 
logic value "0" is further delivered to the NAND gate 104 
and the NOR gate 102b. Because one input port of the 
NAND gate 104 corresponds to the logic value "0", the 
node G certainly corresponds to the logic value "1". 
[0061] At this time, both input ports of the NOR gate 102 corre- 
spond to the logic value "0", and the node H holds the 
logic value "1". In the end, the transistor 108a is turned 



off, but the transistor 108b is turned on for driving the 
voltage (Vrst) Q to approach the grounding voltage. By the 
same means, when the input signal NEGWL corresponds to 
the logic value "1", other voltages (Vrst) i -(Vrst) 7 are 
driven to the same grounding voltage. In other words, 
when the flash memory 60 runs the erasing operation, the 
voltage levels of the word lines WL -WL are driven to be 

a 0 7 

the voltage Vin (-7V) owing to the activated transistors 

88b for the word lines WL -WL . Therefore, the transistors 

o 7 

88c correspond to the word lines WL -WL do not need to 

K 0 7 

be turned on, and the word line reset circuit 78 outputs 
the voltages (Vrst) i ~(Vrst) 7 equaling the grounding voltage 
to the gates of the transistors 88c within the driving units 
83a, 83b, 83c. 

[0062] |f the flash memory 60 performs the programming opera- 
tion or the reading operation, the input signal NEGWL cor- 
responds to the logic value "0". When the memory cells 80 

located at the word line WL driven by the word line driver 
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72a need to be programmed or read, the word line driver 
72a, as mentioned above, is selected, and the decoding 
signal XT q corresponds to the logic value "1". The driving 
voltage output circuit 74 shown in Fig. 7 drives the voltage 
(Vin) Q to approach +8.5V for the programming operation 



or +3V for the reading operation, and the voltage (Vin) Q is 
then passed to the target word line WL q through the tran- 
sistor 88a. Because the transistor 88a is a PMOS transis- 
tor, and the voltage (Vin) Q is a positive voltage, the tran- 
sistor 88a passes the logic value "1" to the word line WL q 
with better transmission performance. Obviously, the 
transistor 88c does not need to be turned on. No matter 
what the logic value associated with the decoding signal 
XT q is, an output port of the NOR gate 102 certainly cor- 
responds to the logic value "0". The logic value "0" is fur- 
ther delivered to the NAND gate 104 and the NOR gate 
102b. Because one input port of the NAND gate 104 cor- 
responds to the logic value "0", the node C certainly cor- 
responds to the logic value "1". At this time, both input 
ports of the NOR gate 102 correspond to the logic value 
"0", and the node H holds the logic value "1". In the end, 
the transistor 108a is turned off, but the transistor 108b 
is turned on for driving the voltage (Vrst) Q to approach the 
grounding voltage. 
[0063] if the memory cells 80 located at the word line Wl^ driven 
by the word line driver 72a need to be programmed or 
read, the word line driver 72, as mentioned above, is en- 
abled, and the decoding signal XT corresponds to the 



logic value "1". However, the unselected decoding signal 
XT q then corresponds to the logic value "0". In addition, 
the driving voltage output circuit 74 shown in Fig. 4 drives 
the voltage (Vin) Q to approach 0V for the programming 
operation and the reading operation. Therefore, the volt- 
age (Vin) Q is passed to the word line WL q through the 
transistor 88a. Because the transistor 88a is a PMOS tran- 
sistor that has poor transmission performance for the 
logic value "0", and the voltage (Vin) Q corresponds to the 
grounding voltage, the transistor 88c needs to be turned 
on to help the transistor 88a drive the word line WL q to 
approach the grounding voltage. With regard to the volt- 
age level reset unit 100a, the output port of the NOR gate 
102a certainly corresponds to the logic value "1" owing to 
the decoding signal XT q equaling the logic value "0". The 
logic value "1" is further delivered to the NAND gate 104 
and the NOR gate 102b. Because one input port of the 
NOR gate 102b corresponds to the logic value "1", the 
node H certainly corresponds to the logic value "0". At this 
time, both input ports of the NAND gate 104 correspond 
to the logic value "1", and the node G holds the logic value 
"0". In the end, the transistor 108b remains off, but the 
transistor 108a is turned on for driving the voltage (Vrst) 



to approach the voltage Vdd such as +3V. The transistor 
88c, therefore, is activated now. Because the transistor 
88c is an NMOS transistor with better transmission per- 
formance for deliving the logic value "0", the voltage level 
of the word line WL q becomes the grounding voltage per- 
fectly. 

[0064] please note that the same driving voltage output circuit 74 
in the preferred embodiment is used to drive all of the 
word line drivers 72a, 72b in the row driver 68. For in- 
stance, the voltage (Vin) Q generated from the output unit 
94a of the driving voltage output circuit 74 is delivered to 
the word line drivers 72a, 72b simultaneously. If the 
memory cells 80 at the word line WL q of the word line 
driver 72b need to be programmed, the voltage (Vin) Q is 
then passed to the word line WL q of the word line driver 
72b. However, the memory cells 80 at the word line WL q 
of the word line driver 72a do not need to be pro- 
grammed. As mentioned above, the same voltage (Vin) Q is 
outputted to the word line driver 72a as well. Though the 
voltage (Vin) Q is +8.5V at this time, the word line driver 
72a is not enabled because the memory cells 80 at the 

word line WL of the word line driver 72a do not need to 

o 

be programmed. Concerning the driving unit 83a, the 



transistor 88a still remains off so that the voltage (Vin) Q 
can not be used by the driving unit 83a to drive the corre- 
sponding word line WL q . In other words, the all of the 
word line drivers 72a, 72b in the row driver 68 function 
correctly even though the preferred embodiment adopts 
an identical driving voltage output circuit 74 to drive 
them. Similarly, one substrate voltage controller 76 and 
one word line reset circuit 78 are used to correctly drive 
all of the word line drivers 72a, 72b in the row driver 68. 
[0065] | n contrast to the prior art, the claimed flash memory fab- 
ricated by a complementary metal oxide semiconductor 
(CMOS)process provides only one driving voltage output 
circuit to drive a plurality of word line drivers. According 
to the prior art word line driver 42a shown in Fig. 3 capa- 
ble of controlling 8 word lines WL q -WL 7 , it requires 90 
transistors to implement the prior art word line driver. 
However, according to the claimed word line driver 72a 
shown in Fig. 5 capable of controlling the same 8 word 
lines WI_ o -WI_ 7 , it only requires 40 transistors to imple- 
ment the claimed word line driver. Therefore, if the 
claimed word line driver is applied in a flash memory hav- 
ing N (512 for example) word lines, the claimed word line 
driver compared with the prior art word line driver is ca- 



pable of saving much more transistors. It is noteworthy 
that the claimed flash memory additionally requires one 
driving voltage output circuit, one substrate voltage con- 
troller, and one word line reset circuit to control opera- 
tions of the word line drivers. Overall, the total amount of 
transistors used in the claimed flash memory is less than 
the total amount of transistors used in the prior art flash 
memory. To sum up, the claimed flash memory has a 
smaller size and lower production cost owing to fewer 
fabricated transistors. 



